CASE REPORTS
============

1) Case 1
---------

A 33-year-old man with Ebstein anomaly and Klinefelter syndrome was referred to Severance Cardiovascular Hospital for the surgical treatment of severe tricuspid regurgitation (TR). The patient underwent surgical repair of Carpentier type B Ebstein anomaly when he was nine years old using the Danielson technique, which involves transversal plication of the atrialized right ventricle (RV) and anterior tricuspid annuloplasty. Chest radiography revealed mild cardiomegaly with a cardiothoracic ratio of 0.6. The cardiac rhythm was normal sinus on the electrocardiogram and Holter monitoring. Echocardiography showed the typical features of Ebstein anomaly, but the patient also had a completely obliterated atrialized portion of the RV and reduced true tricuspid annulus size. The septal and posterior leaflets were displaced into the RV and were attached to the ventricular wall. Although the leading edge of the anterior leaflet was mobile, its basal portion was tethered to the right ventricular wall. Severe TR was observed from the apically displaced coaptation site. The right atrium was dilated. The anteroposterior diameter of the true tricuspid annulus was 26 mm ([Fig. 1A](#f1-kjtcv-49-035){ref-type="fig"}).

Although the patient was relatively asymptomatic, surgical repair was indicated for severe TR and right atrial dilatation. The operation was performed through a redo median sternotomy. Under cardiopulmonary bypass and cardioplegic myocardial protection, the tricuspid valve was approached through an oblique right atriotomy. We noted that the atrialized RV had been horizontally obliterated in the previous operation, and that the stitches for the circumferential plication annuloplasty had been placed along the anterior annulus of the tricuspid valve. However, no trace of surgical manipulation of the leaflets could be observed. The posterior and septal leaflets were displaced to the ventricular apex and adhered to the underlying myocardium. The anterior leaflet was large, but partially tethered to the ventricular wall. We performed a cone reconstruction, including complete surgical delamination and recruitment of all undelaminated leaflet tissues. The antero-inferior portion of the anterior leaflet and the posterior leaflet were detached from the annulus and their anomalous attachment to the RV as a single piece. The abnormal muscular bands and tissues between the leaflets and the ventricular wall were then divided in order to mobilize each leaflet. The septal leaflet was carefully delaminated and mobilized, and a leaflet cone was constructed using the mobilized tissue and subsequently attached to the true annulus.

Post-repair echocardiography revealed edge-to-edge apposition of the newly constructed tricuspid valve at the true annulus level, and the TR was measured as trivial with no stenosis. The postoperative course was uneventful, and the patient was discharged on postoperative day seven. An echocardiogram performed 15 months after the operation revealed a competent tricuspid valve without any deterioration of its function ([Fig. 1B](#f1-kjtcv-49-035){ref-type="fig"}).

2) Case 2
---------

A 51-year-old woman presented with dyspnea and frequent palpitations. She was classified as New York Heart Association (NYHA) functional class III. She had previously been diagnosed with Ebstein anomaly and underwent surgical repair using the Carpentier method at the age of 27 years at another hospital. Chest radiography revealed mild cardiomegaly, with a cardiothoracic ratio of 0.6. Holter monitoring showed a normal sinus rhythm with symptomatic paroxysmal atrial flutter and frequent premature ventricular complexes. Echocardiography revealed an apically displaced and undelaminated septal leaflet. Although the anterior leaflet was large and mobile, severe TR took place due to failed coaptation of the leaflets. The right atrium and ventricle were dilated ([Fig. 2A](#f2-kjtcv-49-035){ref-type="fig"}).

The operation was performed under conventional cardiopulmonary bypass and cardioplegic myocardial protection. We noted that the atrialized portion of the RV had been plicated vertically in her previous operation. A suture line for the previous anterior leaflet reattachment was noted on the antero-inferior portion of the tricuspid annulus. The anterior leaflet was large and mobile, while the posterior leaflet was incompletely mobilized from the ventricle. The apically displaced septal leaflet was very hypoplastic and undelaminated from the myocardium. After the performance of the maze procedure with cryoablation and tricuspid valve repair, the anterior leaflet was detached from the annulus, and the posterior leaflet was surgically delaminated from the myocardium. Although the septal edge of the anterior leaflet was able to be mobilized, the septal leaflet was too small to be delaminated. A leaflet cone was constructed using the available leaflet tissue and reattached to the true tricuspid annulus. No further annuloplasty was required to reduce the annulus.

Intraoperative transesophageal echocardiography revealed no TR. Although the inflow velocity through the tricuspid valve mildly increased, a bidirectional cavopulmonary shunt was not placed because the severity of the tricuspid stenosis was mild, with a mean pressure gradient of 3 mmHg. She was extubated 17 hours after the operation and discharged in good condition on postoperative day 16. She was followed up 14 months later, and was found to be in NYHA functional class I at that time. Follow-up echocardiography revealed no TR or progression of tricuspid stenosis ([Fig. 2B](#f2-kjtcv-49-035){ref-type="fig"}). Follow-up Holter monitoring revealed a normal sinus rhythm with asymptomatic premature atrial and ventricular contractions, and no evidence of atrial tachyarrhythmia was observed.

DISCUSSION
==========

Ebstein anomaly is a cardiac malformation that affects the tricuspid valve and right ventricle. The anatomic and functional features of the anomaly cause TR, which ultimately results in the dilation of the right atrium and ventricle and provides a substrate for the development of atrial and ventricular arrhythmias \[[@b1-kjtcv-49-035]\]. Various surgical techniques have been developed to repair Ebstein anomaly, and most techniques use a large anterior leaflet as a functional monocusp valve to achieve tricuspid valve competence \[[@b2-kjtcv-49-035]--[@b4-kjtcv-49-035]\]. In contrast, the cone repair technique creates a cone-like valve structure that allows leaflet-to-leaflet coaptation, resembling the normal tricuspid valve \[[@b5-kjtcv-49-035]\]. This procedure has been clinically shown to lead to lower morbidity and mortality, with a low incidence of tricuspid valve replacement or reoperation \[[@b6-kjtcv-49-035],[@b7-kjtcv-49-035]\].

The most important part of the procedure involves the surgical delamination of the available leaflet tissue. In case 1, the posterior and septal leaflets were successfully delaminated and incorporated into the leaflet cone to build a competent and non-stenotic valve. In case 2, the anterior leaflet was large and mobile, while the septal leaflet was too small to be incorporated into the cone structure. It may be assumed that the lack of adequate leaflet tissue was the reason for the mild post-repair tricuspid stenosis. Although no surgical treatment was necessary for tricuspid stenosis in this patient, a bidirectional cavopulmonary shunt can alleviate significant stenosis by reducing systemic venous return into the right atrium \[[@b8-kjtcv-49-035]\].

Another major aspect of the cone repair procedure is the vertical plication of the atrial portion of the RV to obliterate the atrialized RV space and to reduce the tricuspid annulus size. In our cases, this procedure was not performed, because the atrialized portion of the RV had been completely obliterated by the transverse and vertical plication method used in the previous operations. Moreover, no further annular plication was required due to the aggressive annular size reduction performed in the previous operations. The scar tissue at the tricuspid annulus from the previous repair provided a firm and safe base to reattach the newly-created leaflet cone.

The feasibility of the cone technique for tricuspid valve re-repair has already been shown by Dearani et al. \[[@b9-kjtcv-49-035]\]. In the present cases, the cone technique for tricuspid valve repair was successfully performed, and postoperative echocardiography confirmed the presence of competent tricuspid valves at the true annulus level. Therefore, both patients were able to avoid valve replacement, and their NYHA functional classes improved. Furthermore, no deterioration of tricuspid valve function was observed in either case over a year of follow-up.

In conclusion, the cone repair technique is useful for reconstructing a competent tricuspid valve in patients with Ebstein anomaly, and is feasible even in patients who have undergone previous tricuspid valve repair.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was reported.

![Echocardiogram of case 1. (A) A preoperative apical four-chamber echocardiogram. The septal and posterior leaflets are apically displaced and adhere to the underlying myocardium (arrowhead). The leading edge of the anterior leaflet is mobile, although the basal portion is tethered to the ventricular wall (arrows). Color Doppler scanning reveals severe tricuspid regurgitation from the apically displaced leaflet coaptation site. (B) Postoperative echocardiography 15 months after the cone repair reveals a competent tricuspid valve at the true annulus level (arrows) without tricuspid stenosis.](kjtcv-49-035f1){#f1-kjtcv-49-035}

![Echocardiogram of case 2. (A) A large mobile anterior leaflet (arrows) and the displaced septal leaflet (arrow heads). Color Doppler scanning reveals severe tricuspid regurgitation. (B) The newly constructed leaflet edges are present at the true tricuspid annulus level (arrows), without any tricuspid regurgitation.](kjtcv-49-035f2){#f2-kjtcv-49-035}
